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ABSTRACT 
    New CAD/CAM materials are becoming more accepted in veneer restoration. The 
objective is to investigate the margin integrity of CAD/CAM veneer, their color masking 
over dark backgrounds and shear bond strength (SBS) to resin cements.  
Materials and Methods: 
    Four types of CAD/CAM materials shaded A2: Lava Ultimate (LU); IPS Empress 
CAD (IPS); Vita Enamic (VE); and Vitablocs Mark II (VMII) were sectioned into tiles of 
different thicknesses: 0.3mm, 0.5mm and 0.7mm (n=7). The color (CIE - L*a*b*) of 
each specimen was measured against grey background, then against each tooth-shaded 
background: A3, A4, B3 and C2 acrylic (Coldpac, Motloid). Color differences (ΔE) were 
calculated. Specimens were measured against black then white background to calculate 
translucency. Two-way ANOVA was used to compare the differences in ΔE among the 
groups (a=0.05).  
    SBS values of 2mm thick tile specimens of the same CAD/CAM materials to resin 
cements, RelyX Ultimate and Varilonik Veneer, were measured using Instron Universal 
Testing Machine. (n=10). Statistical analysis was performed by ANOVA with Tukey-
Kramer HSD multiple comparison test (a=0.05). 
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    Qualitative evaluation of margin integrity of the veneers milled from the same 
CAD/CAM materials in three thicknesses 0.3, 0.5 and 0.7mm were observed under the 
optical microscope.  
Results:  
     Significant differences in masking capabilities were found among the tested material 
for all three thicknesses. In comparison of ΔE values of the tested materials over tooth-
shaded backgrounds, specimens over shade A3 background showed the highest color 
masking ability.	LU and VE exhibited better color masking than IPS and VMII. IPS 
showed significantly higher in translucency than the other groups. 
    IPS showed the highest SBS to resin cements and LU showed lowest SBS. Materials 
cemented with RelyX showed significantly higher SBS values than those with Variolink. 
    CAD/CAM milled LU and VE veneers show smoother margins when compared to IPS 
and VMII. 
Conclusion:  
    LU and VE exhibited higher color masking, lower translucency, lower SBS values, and 
better margin integrity than IPS and VMI. 
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Chapter 1 
 Introduction 
    The increase of awareness and demands for esthetic dentistry among patients has 
emphasized the importance of naturally shaped and colored restorations that are in 
harmony with their surroundings.  1-5  This as well, has brought up the challenge of using 
veneer restorations. 6	
1.1 Veneer Restorations: 
 Brief history  
     The acid etch technique was first described by Buonocore 7 in 1955, followed by the 
development of composite resin by Bowen. 8  
    Veneers, however, go back to 1928, when Pincus 9 introduced the “Hollywood 
Veneer”. This veneer was temporarily used on actors during filming. Obviously, retention 
was a problem. The introduction of hydrofluoric acid etching and  silane coupling agents 
was brought about by Calamia, Simonsen and Horn. 10-12 The success of ceramic veneers 
may be due to the durable bond between the ceramic and the enamel. 13  
Veneer Preparation 
    Veneer preparation concepts have changed since the first use of these cosmetic 
restorations. Early concepts suggested minimal or no preparation. Nowadays, accepted 
procedures vary in the amount of tooth structure removed. 11, 14-16 Typically, a veneer 
preparation is done with 0.5mm removal of the tooth structure allowing the placement of 
0.5 to 0.7 mm ceramic veneers. A 0.7mm deep preparation is sometimes done to mask 
severe discoloration or to better align malpositioned teeth. 17, 18 Christensen 19 reported 
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that a depth of 0.75mm is the optimum amount of veneer preparation. However, Ferrari et 
al. 20 stated that the thickness of enamel in the gingival area of anterior teeth does not 
permit a preparation of 0.5 mm without reaching dentin. In addition, in most of the cases 
using free hand preparations, cervical and proximal enamel reduced beyond 0.5mm, lead 
to dentin exposure. 21 Nowadays, dentists can use depth cutter burs to help achieve the 
preparation depth desired. 22  
    Bonding the veneers to dentin is not as strong or as predictable as bonding to enamel. 
23-25  When dentin exposure happens, protection of the dentin is recommended to prevent 
sensitivity and bacterial invasion. In some situations, for minimally invasive veneers the 
thickness could be as low as 0.3mm. 22, 26 
    The gingival margin of the veneer preparation is placed supragingivally using a 
chamfer diamond. The incisal edge is prepared by reducing 1.5mm of the tooth structure 
and the proximal preparation stops just short of the interproximal contact. 22 
    Excellent clinical outcomes and high survival rates are the most important veneer 
advantages. 27 Low failure rates of 5% and 7% over a period of 10 to 15 years were 
reported in the literature. 25, 28  Another study reported a success rate of 96% at 5-6 years, 
93% at 10-11 years, 91% at 12-13 years, and 73% at 15-16 years. 29 
    The main indications for the use of veneers include masking discolored teeth such as 
tetracycline and fluorosis, malformed and malpositioned teeth, and diastema closure. 10, 30 
1.2 CAD/CAM in Dentistry: 
1.2.1 Overview 
  The introduction of digital impressions is considered a breakthrough in dentistry. 31-34 
Over the past few decades, Computer Aided design (CAD) and Computer Aided 
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manufacturer (CAM) has become very popular. 35 The most important reason behind the 
shift toward digital impression systems is the ability to produce high quality restorations 
in a single-visit. In addition, the elimination of several clinical and laboratory steps 
makes CAD/CAM systems more desirable by both dentists and patients. 36 
1.2.2 History of CAD/CAM 
  Dr. Duret inaugurated the field of digital dentistry. In 1971, he fabricated a crown from 
an optical impression of a prepared abutment, using a numerically controlled milling 
machine. Years later he developed the Sopha® System, which had a great impact on 
Dental CAD/CAM development. 37 
  The second innovator was Dr. Mormann. In 1985, he scanned teeth using optics, and 
from there he developed the first chair-side CAD/CAM system which was named the 
CEREC® system “Computer-Assisted Ceramic Reconstruction”. 38 
  The third person is Dr. Andersson, who developed the Procera® system. He was the 
first to use CAD/CAM technology to develop composite veneered restorations. 39                  
1.2.3 Types of CAD/CAM: 
  Based on their production methods, CAD/CAM systems can be classified as either 
chair-side or laboratory: 40 
1) Chair-side:  
  The In-office system is very popular as it has the premise of the one visit restoration. 
The dentist can scan the prepared tooth directly using an intraoral camera, design the 
restoration using the system’s software then fabricate the final restoration using the 
milling machine. 
Several companies use this method, such as: 
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1. Cerec System (sirona, Charlotte, NC, USA) 
2. E4D (D4D Technologies, Richardson, TX, USA)  
3. Lava Chairside Oral Scanner (3M ESPE, St Paul, MN, USA)  
Cerec System: 
   In the1980‘s, the Cerec was the first commercial CAD/CAM system introduced, 
followed by the improved Cerec 2 in 1996 and the advanced Cerec 3-D in 2000. In the 
Cerec and Cerec 2, an optical scanner is used to scan the impression of a prepared tooth, 
and a generated 3-d image will appear on the monitor. The restoration is fabricated using 
a milling machine. 38, 41 
    With the CEREC 3, the dentist can obtain several images within seconds, which allows 
preparing multiple teeth and creating a cast for an entire quadrant. 38, 41 
2) Laboratory:  
This system requires the fabrication of a die of the prepared tooth.  
Examples are: 
1. Cercon (DENTSPLY Ceramco, York, PA) 
2. Cerec in-lab (Sirona, Charlotte, NC)  
1.2.4 Advantages of Dental CAD/CAM Systems:  
    CAD/CAM technology has strongly improved over the past years. Many studies 
evaluated and criticized the quality of CAD/CAM restorations. 42 The technology was 
able to improve and present the field of dentistry with numerous advantages of its 
restorations over the traditional ones. 43, 44 These advantages include time saving, ease of 
use, and improved mechanical properties. The elimination of multiple processing steps to 
manufacture the dental restoration reduced time and cost. 45 In addition, some CAD/CAM 
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machines have the ability to deliver the patient with same-day restorations; eliminating 
the need for temporization. That saves time and material costs, and the patient will be 
more satisfied. 46  
    The quality of a conventional restoration is dependent on the technician’s skill and 
proficiency, but a high skill level may not be readily found. Fortunately, the use of a 
CAD/CAM system will provide fabricated restorations with compatible, expected and 
reproducible results that are less dependent on who is using the machine. For that, 
dentists should pursue the required skill switch to CAD proficiency, which will allow 
mastering the job easier. 36, 47, 48 
    The CAD/CAM prefabricated blocks are manufactured in an equally standardized way, 
producing fewer defects and eliminating porosities, thus providing the material with more 
reliable and consistent results. Conventional processing systems have a high chance of 
internal defects, which might affect the restoration outcome. 44, 48-50 Studies showing the 
success of CAD/CAM restorations in dentistry have been broadly documented. 34, 43, 46, 48, 
51-54  
1.2.5 Disadvantages of Dental CAD/CAM Systems: 
    The main disadvantage of CAD/CAM technology is the high cost, starting with the 
high initial cost of the machine and software, and ending with the cost of the required 
training for the operator to master the technology. 
    According to some studies, the process of milling a CAD/CAM block can affect some 
mechanical properties of the material by generating cracks. However, polishing and 
glazing the restoration will usually overcome this problem. 47, 49 
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1.2.6 Restorative materials used with CAD/CAM systems: 
    With the constant introduction of new and improved materials, the application for 
CAD/CAM for anterior restorations has steadily progressed. 55-57  The range of available 
CAD/CAM restorative materials consists of ceramics, composites and acrylics. 47 These 
CAD/CAM materials are prefabricated blocks manufactured from monolithic 
homogenous dense materials that are mounted into the milling machine. 34, 58 
 Categories of the restorative CAD/CAM materials are as follows: 
1. Feldspathic Porcelain Blocks: 
    Felspathic porcelain is classified as a silica-based block substance. The material 
consists of a mixture of about 30% volume of feldspathic crystalline particles uniformly 
embedded in a glassy matrix. An example of this material, which was introduced in 1991, 
is Vitablocs Mark II (VITA Zahnfabrik, Bad Säckingen, Germany). It is available in 
various shades to best match the patients’ teeth color. It is considered a highly esthetic 
restoration, as it presents a high gloss and smooth milled surface that causes minimum 
wear to the opposing dentition due to its small particle size of 4nm. The blocks are 
fabricated using a standardized controlled sintering process under vacuum at 1170 
degrees Celsius. This ensures a more homogenous microstructure without defects, 
compared to lab-processed ceramic restorations. 59 
    Various studies have evaluated the survival and success of Vitablocs Mark II 
restorations using CEREC technology. Some have reported a survival rate of almost 95% 
in a 10 years period. 60, 61 
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Figure 1: Vitablocs Mark II CAD/CAM blocks. 
2. Leucite-Reinforced Porcelain Blocks: 
    Leucite-reinforced porcelain is another example of a silica-based block. In 1998, 
ProCAD was introduced as the first leucite-reinforced porcelain block material. Then it 
was developed into IPS Empress CAD (Ivoclar Vivadent AG, Schaan, Liechtenstein) and 
is composed of SiO2-Al2O3-K2O. The leucite crystals (35-40% volume) are 
homogenously distributed with an average size of 1-5nm in a glassy matrix. For the 
CAD/CAM system, the leucite crystals have been formed in a controlled process, which 
increases the material’s strength. It is available in a range of shades, as well as in several 
translucencies. 62, 63 
    Various studies reported the success of IPS Empress restorations with up to 95% 
survival rates. 64-66 
 
Figure 2: IPS Empress CAD blocks. 
8		
3. Ceramic Hybrid Blocks: 
    Ceramic hybrid blocks are new materials that were recently developed using ceramic 
nanotechnology. Vita Enamic (VITA Zahnfabrik; Bad Säckingen, Germany) was the first 
hybrid material in the market. It consists of a composite that is infiltrated into a roughly 
sintered ceramic structure. The composition of the polymer part is 25% by volume 
(urethane dimethacrylate and triethylene glycol dimethacrylate) and the composition of 
the ceramic matrix is 75% by volume. This provides the material with the ease of 
handling of the composite resin and the wear resistance of the porcelain. 67, 68 
 
Figure 3: Vita Enamic CAD/CAM blocks. 
4. Composite Resin Blocks: 
    Composite resin blocks have been used mainly as a long-term temporary restoration or 
in some cases as a single unit final restoration. One example of this material is Lava 
Ultimate Restorative (3M ESPE, St. Paul, Minnesota). The material is  constructed with 
microfilled polymers that contain zirconia and silicate glass filler particles with 
nanoclusters that reinforce the resin matrix. The zirconia nanoparticles average from 4 to 
11nm in diameter while the silica nanoparticles average 20nm in diameter. The 
nanocluster particles average from 0.6 to 10nm in diameter.  
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Figure 4: Lava Ultimate CAD/CAM blocks. 
The use of composite resin blocks in restorations provides some advantages over the use 
of porcelain blocks. The dentist is able to do intraoral polishing and easier adjustments on 
the composite restorations when compared to the porcelain restorations, which are more 
difficult to repair. The disadvantages of using the composite block material are moisture 
absorption and the inability to retain their high-gloss polished surface over a period of 
time. 69, 70 
 
1.2.7 Restorative Materials Properties: 
    A clinician should know the properties of the restorative materials in order to 
determine the indication and limitations of each material. The main properties to be 
considered can be divided into two categories:  
1. Optical properties such as color masking and translucency. 
2. Mechanical properties such as shear bond strength and margin roughness. 71 
1.3 Color Masking 
    Masking a discolored tooth might be one of the most challenging aspects of dental 
treatment, 20 especially because veneer materials are translucent and are therefore 
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effected by their thicknesses and the underlying tooth color, as well as the type of cement 
used. The combination of these factors contribute  o the final esthetic outcome. 13, 72-74  
Other factors that affect the ability to achieve an accurate color match include the 
subjectivity of the clinician, the tools and methods used, and the environment. 75, 76 
1.3.1 Color Theory 
    The color is perceived by the interaction of three elements, light, object and the viewer. 
When the light interacts with the object, some of the light will be absorbed into the object 
and some will be emitted or transmitted to the viewer’s eyes, which recognize the object 
as specific color. 77 
1.3.2 Color systems 
1.3.2.1 Munsell Color System 
    Early in the 20th century, Professor Albert H. Munsell created the Munsell color 
system. The system identified every color in a three-dimensional space of hue, chroma 
and value.  
    Hue, which is synonyms with the term color, represents the pure state of the color that 
allows the viewer to differentiate among different groups of color. The five principal 
color groups are: Red, Yellow, Green, Blue and Purple. Chroma is the saturation or the 
strength of the color. Value specifies the lightness and darkness of the color, ranging 
vertically from Black (value 0) to White (value 10). 78 
    The Munsell color system has been used for color matching in the dental field due to 
its consistency, simplicity and its worldwide recognition. 75 
11		
 
Figure 5: The Munsell Color System. 
1.3.2.2 CIE Color System 
    In 1931, the CIE XYZ color space system (Commission Internationale d’Eclairage, 
International Commission on Illumination) was created as the first mathematically 
defined color system. 79 
    Then the CIE L*a*b* color space system was introduced in 1976. It is the most 
commonly used color system for tooth color analysis due to its known uniformity and 
reliability. This system agrees with the theory of color sensitivity based on three colors 
red, green and blue. It is a three-dimensional color space with three axes, L*, a* and b*. 
80, 81 
    The L* coordinates run from top to bottom and ranges from 0 (black) to 100 (white). It 
characterizes lightness. The a* coordinate ranges from -90 to 70. Positive a* is red and 
negative a* is green. The b* coordinate ranges from -80 to 100 and the positive b* 
represents yellow and the negative b* represents blue. 78, 82 
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Figure 6: The CIE LAB Color Space, L: Lightness, a: Red and Green, and b: Yellow and Blue. 
1.3.3 Instrumental Color determination 
    The most common color measuring systems used by dental clinics and researches are 
spectrophotometers and colorimeters. The spectrophotometer is designed to measure the 
color of a specimen. It functions by measuring one wavelength at a time from the spectral 
reflectance or transmission of the specimen. Data collected by the spectrophotometer are 
considered very accurate, as the spectrophotometer has the ability to detect very small 
differences in color at a level that might not be recognizable by the human eye. The 
spectrophotometer also allows the reading of specimen translucency and reflectivity. It 
can obtain measurements for both in vivo and in vitro tooth color. 83-87  
    Various studies compared the use of visual shade guides and the use of 
spectrophotometers in determining the tooth shade. They concluded that using the 
spectrophotometer brought more accurate results and better color match. 82-84  Another 
similar study revealed that using the spectrophotometer versus the visual shade selection 
produced more reproducible results. 88 Judeh et al. reported in his study that using the 
visual shade guide lowers the precision of the shade by 31%. 84 On the other hand, Paul et 
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al. concluded that results obtained by the spectrophotometer offered a 33% increase in 
accuracy when compared with the human eye. 89 
    The colorimeter is designed to directly measure the color similar to the way the human 
eye identifies color. It is easier to use in measuring tooth color and it is less expensive 
than a spectrophotometer.  However, repeatability may be challenging because of aging 
of the filters. 87, 90  
1.3.4 Translucency  				Translucency can be defined as the relative amount of light transmitted through an 
object. The greater the amount of light passing through the specimen, the higher its 
translucency. 91 Another definition for translucency is the ability of an object or specimen 
to show the color of the underlying background. 92  The translucency parameter is 
considered the most common quantitative method to measure the translucency of dental 
materials. It measures the difference between the amounts of light reflected through a 
specimen over a white background (high reflectance) compared to a black background 
(high absorbent). TP can be calculated using the following equation:  
𝑇𝑃 = (𝐿𝐵 − 𝐿𝑊)2 + (𝑎𝐵 − 𝑎𝑊)2 + (𝑏𝐵 − 𝑏𝑊)2 
B refers to the black background and W refers to the white background. 93 
    In a study done by Brodbelt et al. 91, they concluded that the thickness of the material 
affects the translucency. In addition, another study stated that the thickness of the veneer 
was the main factor affecting the transmission. 94  
    Several factors affect the translucency of dental ceramics, including thickness of the 
ceramics 91, 92, 95, number of firings, type of cement, underlying tooth shade 95 and texture. 
92 
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    Opacity is the opposite of translucency. It is related to the thickness of the ceramic. 96 
Opacity is dependent on the composition of the ceramic. The amount of light that is 
transmitted, reflected and absorbed by a ceramic depends on its chemical nature and the 
amount of crystals in the matrix. 
1.3.5 Masking properties of esthetic dental materials 
    The underlying substructure color has a major impact on the final color of the 
restoration, especially when the restoration is a veneer with high translucency. The higher 
the translucency, the more the underlying color shows through. 97 Past studies indicated 
that the underlying tooth structure plays a crucial role in the final result of the ceramic 
restoration. 97-101 
      In  2011, Chaiyabutr et al.101 studied the effect of three factors on the final color of a 
CAD/CAM ceramic crown. The factors were ceramic thickness, abutment color, and 
cement color. The study concluded that Delta E (ΔE*) (the difference in color) values of 
the CAD/CAM ceramic crown were significantly affected by the ceramic thickness 
(P<0.001), the abutment color (P<0.001), and by the cement color (P<0.001). When 
ceramic thickness increased, ΔE* values significantly decreased (P<0.001). This is 
consistent with another study that concluded that ceramic thickness of IPS Empress 2 
significantly affected the ΔE* values. 97  
    Chaiyabutr et al.101 also stated that the ceramic should at least be 2 mm thick to have 
an acceptable masking effect. This was in agreement with other studies. 82, 98 On the other 
hand, a study done by Nakumara et al. 97, suggested that a thickness of at least 1.6mm is 
recommended to moderate the effect of the color of the underlying tooth.  Lee at al. 102 
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concluded when comparing different ceramics, that the type of the ceramic has an effect 
on the final color, even when the thickness was set to 1.5 mm. 
    The color difference between two objects (ΔE*) is measured mathematically using the 
following formula: ΔE* = [(L2*-L1*) 2 + (a2*-a1*) 2 + (b2*-b1*) 2] ½. 78, 100 ΔE* represents 
the numerical distance between the colors of two objects. When ΔE* between two objects 
in a controlled environment is less than 1 unit, it indicates that the two colors are 
symmetrical. When ΔE* value ranges between 1 and 2, then only a well-trained observer 
will be able to detect the difference in color. 103, 104 It was stated in the literature that the 
smallest difference in color between two objects has to be at least 1 unit, (ΔE*=1) in 
order to be detected by the observer. 105 Values greater than 2 are considered detectable to 
all observers. 103, 104 However, because of the uncontrolled oral environment and other 
numerous variables, studies have concluded that a color difference lower than 3.7 ΔE* 
was considered unnoticeable and clinically acceptable and a value greater than 3.7 
indicated a poor match. 106, 107  On the other hand, a study done by Ruyter et al. 106 stated 
that 50% of observers reported that the color difference between two veneers was not 
acceptable when ΔE* was approximately 3.3. They concluded that a value of 3.3 ΔE* 
was the upper limit for the human eye to detect a difference in color. Another study stated 
that ΔE*=2.6 is considered perceptible and ΔE*=5.5 is considered acceptable. 108 
Perceptibility is the difference that can be detected by the human eye, and acceptability is 
when the color difference is tolerable. 109 
     In dentistry, ΔE* has been mainly used with the testing of the masking properties of 
restoration materials over discolored teeth. When ΔE*=0, means there is no color 
difference, indicating that the material has perfect masking ability, and the dark color of 
16		
the background does not show through. A small ΔE*; less than 1, indicates that the 
material has a good masking property, and the dark background effect was minimum.  2, 6, 
98, 100 
This study followed the literature in categorizing the values of ΔE*. Values more than 5.5 
were considered clinically unacceptable, whereas values between 1 and 5.5 were 
considered detectable to the observer but clinically acceptable.  
1.4 Shear bond strength of cements used for veneer attachment 
1.4.1 Details of various resin cements used in this study 				The success of a ceramic veneer depends greatly on the durability and strength of the 
bond between the tooth surface, the ceramic veneer and the resin cement. 12 Resin-based 
composites are the material of choice for cementing ceramic restorations. 110 They 
provide a strong and durable bond, which improves marginal adaptation, provides high 
retention,	increases fracture resistance and prevents microleakage. 111-113 
    Various in vivo studies have documented the excellent long-term success of resin-
bonded restorations, including laminate veneers,	12,	114,	114-116 all-ceramic crowns 117, 118 
and ceramic inlays and onlays. 117, 119 
    Resin cement compositions are similar to the compositions of conventional 
composites.  They consist of inorganic fillers embedded in an organic matrix, such as 
Bis-GMA, TEGDMA and UDMA. 120 Resin cements can be classified according to the 
initiation method; light cured (photoactiviated), chemically activated (autopolymerizing) 
and dual cure materials. 119 
    Current literature shows that resin cements with reduced filler content exhibit 
increased surface wettability and improved flow. 110  Filler-containing resin cements 
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show higher bond strengths than resins without fillers.  121 
1.4.1.1 RelyX Ultimate Resin Cement (3M-ESPE) 
    RelyX Ultimate resin cement is composed of bi-functional (meth)acrylate embedded in 
inorganic fillers, which are approximately 43% by volume. The grain size is around 
13µm. 122 
    RelyX Ultimate resin cement is considered a dual-cure cement. Dual-activated resin 
cements offer extended working times with the ability to control polymerization. 110 This 
enables easier handling of the resin during cementation. RelyX Ultimate cement is used 
for the bonding of direct and indirect restorations including all ceramic, composite or 
metal crowns, veneers, inlays and onlays. It is available in multiple shades.   
    RelyX Ultimate functions best when used in combination with Scotchbond Universal 
Adhesive. The Scotchbond Universal Adhesive is a single-bottle adhesive solution that 
can be used as either self etch, total etch or selective etch depending on the type of the 
material cemented. It features the unique chemistry of Vitrebond Copolymer, MDP 
(methacryloxydecyl phosphate) Monomer, silane and an ethanol/water-based solvent 
system. 122  
    The MDP monomer in the RelyX Ultimate cement allows bonding to zirconia, alumina 
ceramics and metals. It also promotes the self-etch properties. Additionally, the silane 
component allows the cement to chemically bond to glass ceramics. These two 
components eliminate the need of a separate primer prior to bonding. 122 
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Figure 7: RelyX Ultimate resin cement and Scotchbond Universal. (3M-ESPE) 
1.4.1.2 Variolink Veneer Resin Cement (Ivoclar-Vivadent) 
    Variolink Veneer is a light-cure microfilled resin. It is mainly used for the cementation 
of low thickness (< 2mm) restorations of ceramics and composites, such as veneers, 
inlays and onlays. Variolink Veneer exhibits high color stability and high translucency.  
   It is composed of dimethacrylates, silicon dioxide, ytterbium triflouride, catalysts, 
stabilizers and pigments. The inorganic filler is approximately 40% by volume and the 
grain size ranges between 40 and 300µm. 123 
 
Figure 8: Variolink Veneer resin cement in various shades. (Ivoclar-Vivadent) 
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Variolink Veneer is used in combination with Excite F and with Monobond Plus. Excite 
F is a nano-filled light curing material in a single component adhesive. It has the 
advantage of fluoride release. It is indicated for use on enamel and dentin with direct and 
indirect restorations. 124 
    Monobond Plus is a universal primer that promotes the bond between the resin cement 
(Variolink Veneer) and the restoration, such as glass ceramics, composites and fiber-
reinforced ceramics. Monobond Plus is composed of an alcohol solution, which contains 
silane methacrylate, phosphoric acid mathacrylate and sulphide methacylate. 123 
 
Figure 9: Monobond Plus. (Ivoclar-Vivadent) 
1.4.2 Details of ceramic and resin for CAD/CAM fabrication  
    A strong resin bond depends on the micromechanical interlocking and the chemical 
bonding to the ceramic restoration, which is achieved by roughening and cleaning the 
surface. 125-130 Common surface treatment methods include acid etching, 128 grinding, 129 
roughening with diamond rotary instruments,130 sandblasting with aluminum oxide, 11 
and in some cases, a combination of any of these methods. 
    It was shown in the literature that bonding to silica-based ceramics (glass ceramics and 
feldspathic ceramics) yields durable results when certain guidelines were followed. 110, 
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112, 113, 125 However, bonding to high-strength ceramic materials such as aluminum oxide-
based ceramics and zirconium oxide-based ceramics is different and requires different 
bonding techniques to achieve a durable, strong bond. 131, 132 Composite materials also 
need a different approach than silica-based ceramics. 
1.4.2.1 Silica-based Ceramics: 
   Silica-based ceramics have excellent esthetic properties. 133 On the other hand, they are 
brittle materials and have limited flexural strength. However, final adhesive cementation 
with resin cements increases the fracture resistance of these ceramic restorations and the 
restored tooth. 113 
    The effective pretreatment for silica-based ceramics is by acid etching with 
hydrofluoric acid gel (between 2.5% and 10%) for 2 or 3 minutes prior to the application 
of the primer or silane-coupling agent. 125-127, 134 Hydrofluoric acid dissolves the surface 
and roughens it by selectively removing the glassy matrix and exposing the crystalline 
structures. The silane chemically bonds the ceramic to the resin cement by creating 
hydrogen bonds. 14, 135 Various studies stated that this bond plays an important role in 
achieving a sufficient bond strength between the resin cement and the silica-based 
ceramics. 11, 14, 121, 126, 127, 135-137 
    The silane-coupling agent consists of bifunctional molecules, which bond silicon 
dioxide to the hydrogen oxide in the ceramics. It also consists of a degradable functional 
group, which reacts and copolymerizes with the organic matrix on the resin cement. 138, 
139 Silanes usually contain a coupler and a weak acid that help with the formation of the 
siloxane bonds. 138 Silanes increase the wettability of the ceramic surface.  
    A study done by Sorensen et al.,112 stated that etching the ceramics, followed by 
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silanization, significantly decreased microleakage, which could not be achieved by using 
silane alone without prior etching. However, it was documented that silane agents 
containing carboxylic acid, showed successful bond strengths even without etching with 
hydrofluoric acid. 140 
    It was documented that the highest bond strength of resin cement to feldspathic 
ceramic is achieved by etching the ceramic with hydrofluoric acid, etching the tooth 
surface with 37% phosphoric acid and applying a silane agent. Bond strengths to etched 
ceramics are improved by creating deep grooves into which the resin cement can flow 
and interlock. 141, 142 
    Vitablocs Mark II consist of machinable feldspatic porcelain.  The material exhibits 
fine grain size (4µm) and is composed of about 60% SiO2 and 20% AL2O3, which can be 
etched. 143 Publications have documented successful and improved bond strength for 
Vitablocs Mark II when etched with hydrofluoric acid and cemented with resin. It has 
been reported in the literature that cementing Vitablocs Mark II inlays with dual cure 
resin cement exhibited decreased survival rates when compared to cementing with 
chemically cured resin cement. 119, 144 This could be due to insufficient transmission of 
light through the ceramic restoration, which could lead to inadequate polymerization of 
the cement. 145 
    IPS Empress CAD is a leucite reinforced feldspathic ceramic.  With this material, it 
was found that the application of 9% of hydrofluoric acid for 60 seconds was the most 
successful. 146However, the number, distribution and size of the leucite crystals affect the 
formation of microporosities that the etching creates. 138 Glass ceramics that contain 
minimal amounts of leucite crystals achieve highly retentive microporosities when etched 
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with hydrofluoric acid. 147 
    Sandblasting is not recommended for silica-base ceramics, as it may induce chipping 
and cause volume and morphology loss. 11, 148 In a study done by Kato et al.,	55 it was 
reported that acid etching with hydrofluoric acid provided the highest bond strength when 
compared to acid etching and to sandblasting.  
1.3.2.2 Dental Restorative Composites: 
    Increasing the surface roughness is more crucial in improving the bonding properties 
of composites than the chemical conditioning achieved by a silane or a primer. Therefor, 
air abrasion is recommended to roughen the treated surface and increase the surface 
energy and micromechanical interlocking. Sand blasting with alumina oxide particles 
(Al2O3) is one of the bonding procedures used to achieve strong and durable bond 
strength. This method will cause loss of surface material and therefore increase surface 
roughness. 149 The alumina oxide particles size range between 25μm to 250μm.	150	
    Hydrofluoric acid etching is not recommended for most composites, such as Lava 
Ultimate. 151 After sandblasting of the Lava Ultimate restoration, silane or a bonding 
agent is applied. The silane will increase the bond strength by increasing the wettability 
of the surface by bonding through the siloxane to the exposed fillers. 
    Hydrofluoric acid is, however, recommended for Enamic material. The manufacturer 
recommended etching with 5% hydrofluoric acid for 60 seconds, which causes total 
dissolution of the ceramic phase and creates a “honeycomb” structure in the remaining 
resin network, thus creating a strong micromechanical interlocking. One study has shown 
that Enamic exhibited higher bond strength to resin cement than Lava Ultimate. 152 
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Consequent to the occurrences of debonding of Lava Ultimate crowns, 3M has modified 
the indication of use of Lava Ultimate, however, further investigation needs to be done.  
1.4.3 Shear Bond Strength Test of Resin Cements to Ceramic and Resin CAD/CAM 
materials 
    There are many in vitro methods to test the adhesion of resin cements, such as shear 
bond strength, tensile bond strength, retentive bond strength and push out tests. 153, 154 A 
shear bond strength test calculates the force required to detach the specimen from the 
substrate parallel to the bonding interface. 155 The shear bond test is the most commonly 
used test, 156 due to its simple protocol and easy sample preparation. 157 Unfortunately, 
resin shrinkage, which happens during the polymerization process, is not considered in 
this type of test. Shrinkage of the resin cement during polymerization may cause poor 
marginal adaptation and debonding of the restoration. 158 
    A study done by Elsaka in 2014,	152 compared the shear bond strength of dual cure 
resin cement to Vita Enamic and to Lava Ultimate when different surface treatments were 
applied; no treatment, sandblasting, sandblasting + silane, hydrofluoric acid etch and 
hydrofluoric acid etch + silane. Their results concluded that Vita Enamic provided higher 
bond strength values when compared with Lava Ultimate. Their results also show that 
surface treatment with hydrofluoric acid + silane showed the highest bond strength values 
for Vita Enamic. They reported marked effectiveness of the sandblasting procedure on 
the bond strength of Lava Ultimate. Another study reported that there were no statistical 
differences in the shear bond strength values between Vita Enamic and Vita blocs Mark 
II when bonded with three different cements. 159 Güler et al .160 evaluated the shear bond 
strength of resin composite to feldspathic porcelain with different surface treatments. The 
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lowest shear bond strength was found in the silane group (4.09 Mpa), and the highest 
shear bond strength value was observed in the hydruofloric acid + silane group (11.97 
Mpa) and the sandblast with 50 micron + acid etch + silane group (12.34 Mpa).  
    Kassaotakis et al.161 compared the shear bond strength of resin cement to Lava 
Ultimate with different surface treatments, and found that the specimens from the no 
treatment group debonded after thermal stressing. Conversely, specimens in the 
sandblasting group showed significantly higher bond strength. 
    Ozcan et al.162 concluded in their study which compared different types of ceramics 
and surface treatments, that hydrofluoric acid etching + silanization were mostly effective 
on the bond strength of glass ceramics (leucite reinforced ceramic) and that air abrasion 
roughening + silanization produced higher bond strength values for the high-alumina 
ceramics. 
1.5 Margin Integrity of Ceramic and Resin CAD/CAM veneering 
materials 
    Margin integrity of a CAD/CAM restoration is considered an important parameter, as 
it can compromise the marginal fit of the restorations and subsequently the longevity of 
the restoration. 163-165 Therefore, it is important to evaluate the potential of CAD/CAM 
restorative materials to produce smooth, continuous and well fitting margins after 
milling. Thin margins may be challenging to produce from CAD/CAM materials. 52 The 
milling/grinding can potentially cause detrimental effects on the integrity of the margin of 
the final restoration. Many studies published in the literature have documented promising 
results related to margin adaptation of CAD/CAM restorations, 163-166   but new materials 
and especially veneer restorations are liable to produce defective margins. 
25		
    In a study by Tsitrou et al,167 it was concluded that the amount of chipping at the 
margin is material related. Their results show that severe chipping on the margins occurs 
when glass-based ceramic was milled with an acute bevel finishing line. They also 
documented that resin-based ceramics had less chipping on the margins and demonstrated 
smoother margins when compared with glass-based ceramics. 	
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1.6 Objectives and Hypothesis 
Objectives: 	
The objectives of the study are the following: 
1. Determine the masking properties of the following veneering materials: Lava 
Ultimate (LU), Vita Enamic (VE), Vitablocs Mark II (VMII) and IPS Empress 
CAD (IPS), when different thicknesses (0.3, 0.5 and 0.7mm) are applied. 
2. Assess the potentials of those veneering materials to mask dark tooth colors (A3, 
A4, B3 and C2) 
3. Evaluate the correlation between the translucency and the masking properties of 
the tested materials. 
4. Compare the shear bond strength of two resin cements (Rely X Ultimate and 
Variolink Veneer) when bonded to the following veneering materials: LU, VE, 
VMII and IPS. 
5. Compare the shear bond strength of the two resin cements when bonded to LU 
under three different surface treatments. 
6. Evaluate the marginal integrity of veneer restorations milled from resin-based 
ceramic and glass-based ceramic CAD/CAM materials with three different 
thicknesses, 0.3, 0.5 and 0.7 mm. 
Hypothesis: 
1. There is no significant difference in the translucency and masking properties 
between the CAD/CAM materials tested, when different thicknesses are applied. 
2. There is no significant difference in the effect on the final color of the veneering 
material between the tooth-shaded backgrounds A3, A4, B3 and C2. 
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3. There is no correlation between the translucency and the masking properties of 
the tested materials. 
4. There is no significant difference in the shear bond strength of the tested 
materials, LU, VE, VMII and IPS. 
5. There is no significant difference in the shear bond strength of the different 
surface treatment groups of LU. 
6. There is no significant difference in the shear bond strength of the two resin 
cements tested (Rely X Ultimate and Variolink Veneer). 
7. There is no significant difference in the margin integrity among the different types 
of ceramics (resin-based and glass-based) 
8. There is no difference in the margin roughness for each of the tested materials 
when the three thicknesses were applied. 
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Chapter 2 MATERIALS AND METHODS 
2.1 Materials 
    Four different CAD/CAM restorative materials with similar clinical indications were 
used in this in-vitro study. The selected materials are as follows: 
1. Lava Ultimate CAD/CAM Restorative, (3M ESPE), Shade A2 
2. IPS Empress CAD, (Ivoclar, Vivadent), Shade A2 
3. Vita Enamic CAD/CAM, (Vita), Shade A2 
4. Vitablocs Mark II, (Vita), Shade A2 
Resin cements used in the study are as shown in Table 1. 
Table 1: Resin cements and primers used in the study.  
Material Manufacturer Composition 
RelyX Ultimate 3M ESPE Corporate 
Headquarters 
3M Center 
St. Paul, MN 55144-
1000  
Base: Silanated silica, Propenoic acid, 
Dimethacrylate, Glass oxide chemicals, 
sodium 
persulfate,Trimethylperoxyhexanoate 
Catalyst: Silanated silica, 
Bismethacrylate, Calcium salt, Calcium 
hydroxide, Titanium dioxide  
Scotchbond Universal 
Adhesive 
3M Corporate 
Headquarters 
3M Center 
St. Paul, MN 55144-
1000 
Bis-GMA, HEMA, DMDMA, Ethanol, 
Water, Silanated silica, Propenoic acid, 
MDP, DMAB, DMEMA, 
Camphorquinone, MEK 
Variolink Veneer Ivoclar- Vivadent, 
Amherst, NY, USA 
Dimethacrylates, inorganic fillers, 
Ytterbium Trifluoride (YbF3). 
Catalysts, stabilizers and pigments. 
Monobond Plus 
Universal Primer 
Ivoclar- Vivadent, 
Amherst, NY, USA 
Alcohol solution of silane methacrylate, 
phosphoric acid methacrylate and sulfide 
methacrylate 
IPS Ceramic Etching 
Gel 
Ivoclar- Vivadent, 
Amherst, NY, USA 
5% Hydrofluoric acid 
Information on this table was obtained from most recent Material Safety Data Sheet (MSDS) of each product published 
by manufacture. 
29		
2.2 Color Masking Properties of Ceramic and Resin CAD/CAM 
Veneering Materials 
2.2.1 Preparation of the samples  
  
    CAD/CAM blocks from the four ceramic materials were sectioned transversely into 
three different thicknesses; 0.3, 0.5 and 0.7 mm, and grouped accordingly, n=7. The 
sectioning was performed using the Buehler Isomet 5000 Linear Precision Saw (Buehler 
Ltd, Lake Bluff, Illinois) with a 0.5 mm thickness diamond blade. The cutting area was 
constantly cooled by water irrigation.  
 
 
 Figure 10: Buehler Isomet 5000 Linear Precision Saw  
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The experimental groups are as follows: 
Group 1: Lava Ultimate  
a) 0.3 mm thickness  
b) 0.5 mm thickness 
c) 0.7 mm thickness 
   Group 2:  IPS Empress CAD 
a) 0.3 mm thickness  
b) 0.5 mm thickness 
c) 0.7 mm thickness 
   Group 3:  Vita Enamic 
a) 0.3 mm thickness  
b) 0.5 mm thickness 
c) 0.7 mm thickness 
   Group 4: Vitablocs Mark II 
a) 0.3 mm thickness  
b) 0.5 mm thickness 
c) 0.7 mm thickness 
    The thicknesses of the ceramic slices were measured after sectioning using a digital 
micrometer (Model no. 293-715; Mitutoyo Corporation, Kanagawa, Japan). All the 
specimens’ thicknesses were within ±0.01 mm range of the desired thickness. When 
specimens’ thicknesses were less than the desired thickness, they were discarded. When 
thicknesses exceed the target thickness, reduction was done using the Grinder-Polisher 
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Ecomat 250  (Buehler Ltd, Lake Bluff, Illinois) with a 45 microns grit diamond disk.  
   
Figure 11: Measuring the thicknesses of ceramic specimens after sectioning them into three different 
thicknesses, 0.3, 0.5 and 0.7mm. 
   All specimens were then polished with the Buehler EcoMet® 250 Grinder-Polisher 
(Buehler, Lake Bluff, Illinois) using Hi-Purity Alumina Suspension Deagglomerated 0.3 
micron for 2 minutes on each side. After thoroughly rinsing the specimens, they were 
cleaned in water in an ultrasonic bath (Branson 2210, Branson Ultrasonic Danbury, CT) 
for 10 minutes. 
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Figure 12: Buhler Ecomet 250 Grinder-Polisher used in this study. 
2.2.2 Surface Treatment 
    
    All specimens were etched using 5% Hydrofluoric acid IPS ceramic etching gel 
(Ivoclar Vivadent) for 60 seconds, washed with water for 15 seconds and air-dried for 5 
seconds, per manufacturers’ recommendations. 
 
  Figure 13: 5% Hydrofluoric acid IPS ceramic etching gel. 	
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Figure 14: Application of Hydrofluoric acid etch to the sectioned CAD/CAM Ceramics. 
2.2.3 Preparation of the Tooth Shaded Acrylic Blocks 
    Coldpac tooth acrylic monomer and polymers in four shades, A3, A4, B4 and C2 were 
mixed and poured in a round shape mold with a 5.0 mm thickness. The thicknesses of the 
blocks were confirmed by using the digital micrometer. All thicknesses were within 0.1 
mm of the desired thickness. Polishing of the four acrylic blocks was done using the 
Buehler Ecomet, starting with the 45 microns grit and gradually finished at 15 microns 
grit. 
 
Figure 15: Coldpac tooth-colored monomer and polymer. (Yates MotLoid) 
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Figure 16: Acrylic blocks serving as dark backgrounds.  
2.2.4 Color Masking test 
Measurement	of	color	difference	(ΔE*)	of	the	specimens	when	placed	on	a	
tooth	shaded	acrylic	background	
    A bench top Spectrophotometer Color i 5, Gretag Macbeth (Xrite, USA), was used to 
measure and assess the color masking ability of the different ceramic materials with 
different thicknesses on four different background shades. 
Color iQC professional software (Version 7.5.10) was used, and the spectrophotometer 
illumination was converted to D65 (Daylight). The small aperture (6mm) was used 
corresponding to the sizes of the ceramic specimens, and a spectrum of visible light with 
a range of 400-700nm was applied. 
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Figure 17: Spectrophotometer Color i 5, Gretag Macbeth (Xrite, USA), 
The machine was calibrated prior to measurement by measuring the reflectance of two 
standards, the white tile and then black trap. 
Table 2: The CIE L*a*b* values of the calibration standards. 
Calibration Standards L* a* b* 
White tile 95.93 0.35 2.34 
Black trap 0.05 0.09 0.02 
 
    The L*a*b* values of the acrylic blocks were taken using the spectrophotometer. The 
L*a*b values of the veneer specimen with the grey background were taken by the 
spectrophotometer as well. A thin layer of Vaseline was applied using a brush on the 
etched surface of the specimen to stabilize it on the acrylic blocks and to fill the interface. 
The specimen and the acrylic block were measured on the spectrophotometer. The 50% 
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grey background was placed behind them and the test was performed. The CIE L*a*b* 
values of the specimens were taken by calculating the average of two measurements of 
each specimen. 
   
Figure 18:  Color masking measurements using the spectrophotometer. 
A: Placing the veneer specimen, B: Placing the acrylic block behind the veneer specimen, C: Applying the 
grey background and taking the readings. 	
    The ability to mask different background shades and the color difference between the 
groups were then analyzed and calculated using Microsoft Excel. 
2.2.5 Translucency  
Measurements of color difference ΔE* of the specimens when placed over black and 
white backgrounds 
    The spectrophotometer was used to obtain the L*a*b* values of the specimens when 
placed over white and black backgrounds. Each specimen was placed against first the 
white background and an average of two measurements was taken. Then, the white 
background was replaced with the black trap.  Two readings were obtained and averaged 
by the spectrophotometer. 
A B C 
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    The data was transferred to Microsoft Excel to calculate the translucency of each 
specimen by measuring the color difference in the L*a*b* values between both 
backgrounds. 
2.2.6 Light Transmission 
    The specimens were measured by spectrophotometer using its transmission mode. 
Total measurement was used and two measurements were taken and averaged by the 
machine. The L*a*b* and intensity values by wavelength were analyzed in Microsoft 
Excel. 	
2.3 Shear Bond Strength of Resin Cements to CAD/CAM veneering 
materials 
2.3.1 Preparation of the specimens  	
    Four CAD/CAM ceramic materials were used in this test: Lava Ultimate, IPS Empress 
CAD, Vita Enamic and Vitablocs Mark II. The ceramic blocks were sectioned into 2 mm 
thick slices. The sectioning was performed using the Buehler Isomet 5000 Linear 
Precision Saw (Buehler Ltd, Lake Bluff, Illinois) with a 0.5 mm thickness blade. The 
cutting area was constantly cooled by a water irrigation system. Thicknesses of the 
specimens were verified a micrometer (Model no. 293-75; Mitutoyo corp., Japan). A 
specimen with 0.1mm deviation from the desired thickness was considered acceptable. 
All specimens were then polished with the Buehler EcoMet® 250 Grinder-Polisher 
(Buehler, Lake Bluff, Illinois). 
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Figure 19: Verification of the specimen thicknesses. 
2.3.1.1 Shear bond test between restorative materials pretreated with acid etch 	
    The four main CAD/CAM materials were subdivided into two groups according to the 
resin cement used, Relyx Ultimate and Variolink Veneer (n=10).  
The groups are as follow: 
Group 1: IPS Empress CAD + RelyX Ultimate 
Group 2: IPS Empress CAD + Variolink Veneer 
Group 3: Vita Enamic + RelyX Ultimate 
Group 4:  Vita Enamic + Variolink Veneer 
Group 5: Vitablocs Mark II + RelyX Ultimate 
Group 6: Vitablocs Mark II + Variolink Veneer 
Group 7: Lava Ultimate + RelyX Ultimate 
Group 8: Lava Ultimate + Variolink Veneer 
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    Specimens in the previous groups were pretreated with 5% hydrofluoric acid gel for 60 
seconds, all according to their manufacturer recommendations. Followed this they were 
rinsed with water for 15 seconds and then air dried for 5 seconds. 
 
Figure 20: Etching a specimen with 5% hydrofluoric acid. 
2.3.1.2 Shear bond test between Lava Ultimate groups with different surface 
treatment 	
   Three groups of Lava Ultimate were tested when different surface treatments were 
done; acid etching, sandblasting and no surface treatment. The main groups were 
subdivided into two groups according to the resin cement used, RelyX Ultimate and 
Variolink Veneer. 
Group 1: Lava Ultimate + RelyX Ultimate 
Group 2: Lava Ultimate + Variolink Veneer 
In groups 1 and 2, Lava Ultimate specimens were pretreated with 5% Hydrofluoric acid 
for 60 seconds, rinsed with water and air-dried.  
Group 3: Lava Ultimate + RelyX Ultimate 
Group 4: Lava Ultimate + Variolink Veneer 
    Specimens in groups 3 and 4 were sand blasted with aluminum oxide, grain size  <50 
micrometers, at two bar (30 psi) pressure until the entire luting surface appeared matt. In 
the last step, the specimens were cleaned in an ultra sonic bath for 10 minutes. 
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Figure 21: Dental Sandblaster 
Group 5: Lava Ultimate + RelyX Ultimate 
Group 6: Lava Ultimate + Variolink Veneer 
   Groups 5 and 6 received no surface treatment. 
   Then, depending on the cement used, a silane or a primer was applied. For the RelyX 
Ultimate resin cement, Scotchbond Universal Adhesive (3M ESPE, St. Paul, MN) was 
applied using a disposable applicator and left to react for 20 seconds before being air-
dried for 5 seconds. 
    For the Variolink Veneer, a thin coat of Monobond plus (Ivoclar Vivadent, Schaan, 
Liechtenstein) was applied with a microbrush and was allowed to react for 60 seconds, 
then air-dried. 
2.3.2 Fabrication of Resin Cement Cylinders  	
    The specimens were placed in an Ultradent jig for cementation. The device has an 
upper plate and a lower base.  A plastic insert with 3.38 mm diameter aperture is attached 
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to the upper plate. The specimens were positioned on the lower base between the two jig 
components. The screws were turned down to hold the specimen and insert in contact in 
the proper position and the resin cement was injected from the cement syringe through 
the center hole of the insert slowly, trying to minimize the air bubbles. Light cure was 
used to set the cements.  
    RelyX Ultimate was light cured for 20 seconds, and Variolink Veneer was light cured 
for 30 seconds, all according to their manufacturers’ recommendations. The resin cement 
cylinders’ diameters were (3.38 ± 1 mm).  
           
(a) 
  
 
(b) Figure	22:	Bonding	Mechanism	
(a): Ultradent bonding jig (Ultradent) 
(b):  Bonded specimen 
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2.3.3 Incubation 
      All bonded specimens were subjected to a 24-hour period in the incubator at 37 °C 
while immersed in distilled water held in a glass container. Water storage and incubation 
of bonded specimens are suitable procedures to simulate aging in temperature similar to 
that of the human body and to stress the bonding interface. 168 
 
Figure 23: The incubator used in the study. 
2.3.4 Shear Bond Strength Test 
 The specimens were placed in a specimen mounting apparatus where they would be 
contacted by a flat blunt blade. They were positioned exposing the resin cement cylinder 
and stabilized by the posterior aspect of the mounting device. The blade was positioned at 
a distance of 0.5 mm away fromthe ceramic resin cement interface. The shear bond 
strength until failure for each specimen was registered by using a universal testing 
machine (Instron 5566A, Instron Corp. Canton,MA)  programmed for a 0.5 mm/min 
crosshead speed. The universal testing machine was controlled via a computer software 
program (Bluehill version 3.32), which completed the stress-strain diagram and recorded 
the breaking load in (MPa). 
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(a) 
 
(b) 
Figure 24: (a) Specimen placed in a specimen mounting apparatus using flat blunt blade 
                        (b) A close up image of the bonded specimen placed in the mounting apparatus. 
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Figure 25: Instron Universal Testing Machine 	
2.4 Margin Integrity of CAD/CAM Veneer Restorations 	
    This part of the study consists of an observation and evaluation of margin fidelity or 
roughness and irregularities of veneers milled from the four CAD/CAM materials: Lava 
Ultimate (3M), IPS Empress CAD (Ivoclar), Vita Enamic (Vita) and Vitablocs Mark II 
(Vita). Specimens were tested in 3 different thicknesses 0.3mm, 0.5mm and 0.7mm.  
2.4.1 Specimen preparation 
    Three veneer preparations with different depths: 0.3mm, 0.5mm and 0.7 mm were 
performed on plastic maxillary central incisors (tooth #9) on a dentoform (Columbia 
Dentoform Corp. New York) using a high-speed hand piece.  
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     The preparations were made in three different angles following the convexity of the 
facial surface of the tooth. Depending on the desired depth, depth cutter burs (0.3mm and 
0.5mm) were used to assist achieving an accurate judgment of size, depth and angle. 
Starting with the middle third, and followed by the gingival third , a light chamfer margin 
was placed supragingival with stops 0.25mm facial to the proximal contacts. Lastly 
1.5mm incisal clearance was done. Smoothening of all sharp angles was performed. 
 
Figure 26: Depth cutters and tapered diamond burs. 
	
Figure 27: Illustration showing the steps of preparing a veneer. Starting with the depth cutter and then the 
tapered diamond bur. (http://www.bangkokdentalhospital.com) 
Figure 28:  Veneer preparation and verification of thickness by checking with a pre preparation silicon 
mold.	
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 2.4.2 Scanning and Milling 
     A digital impression of the prepared teeth, their surroundings, and the opposing teeth 
were taken using a CEREC Omnicam (Sirona Sental, Inc. Charlotte, NC). A 3-
dimentional image was generated on the monitor, and the veneer was designed, finalized 
and saved. 
    Milling of the veneers was done using a CEREC MC XL milling unit (Sirona Dental 
Systems, New York City, New York) by two burs, step bur 12 (Sirona Dental Systems, 
New York City, New York) and cylinder pointed bur 12S (Sirona Dental Systems, New 
York City, New York). Care was taken to ensure that the milling unit was properly 
calibrated and that the coolant/lubricant system was in good order throughout the milling 
process. 
    After milling, the veneers were thoroughly rinsed and then allowed to air-dry for 24 
hours. 
 
Figure 29: Cerec MC XL (Sirona) 
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Figure 30: Diamond Burs 12S Cylindrical and Step.  
									 	
Figure 31: Sample of the milled veneers. 
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Figure 32: Images of the preparation and the restoration of a 0.5 mm milled Vita Enamic veneer.	
2.4.3 Evaluating the margins 				A positioning jig was made from silicon putty (Exaflex Putty) to stabilize the veneer 
and allow the other veneers to be in a repeatable position. Each veneer from each material 
and thickness was positioned in the jig and macro photographs were taken. 
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                                                (a)                                                                            (b) 
Figure 33:  a. A veneer specimen placed in the positioning jig.	 
                     b. Specimen placed on a jig for macro photography.   
    Afterwards, the veneers were also positioned in the same positioning jig and observed 
with a metallurgical microscope, which allowed for the same area of the margin to be 
visualized for all the veneers, thus enabling comparison of the margin quality across 
different materials and thicknesses. 
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(a)                                                                        (b) 
Figure 34: Specimen placed on a jig for viewing with a metallurgical microscope. 
(a) General view of microscope 
             (b) Close up of specimen placement. 
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2.5 Statistical Analysis 
2.5.1 Color Masking Statistical Analysis 
    Results for the masking ability over the tooth shaded acrylic backgrounds A3, A4, B3 
and C2 are expressed as means and standard deviations of ΔE*. The masking ability 
results taken over black and white backgrounds (translucency results) are expressed as 
means and standard deviations of ΔE*. The transmission results are expressed against 
values of the wavelength of the four CAD/CAM materials, Lava Ultimate, IPS Empress 
CAD, Vita Enamic and Vitablocs Mark II. 
Statistical procedures performed: 		Two-way analysis of variance (ANOVA) was used to detect any significant differences 
between the groups of Lava Ultimate, IPS Empress CAD, Vita Enamic and Vitablocs 
Mark II, when different thicknesses (0.3, 0.5 and 0.7mm) were applied in comparison 
with ΔE* over the tooth shaded acrylic backgrounds, A3, A4, B3 and C2. In conjunction 
with 2-way ANOVA, a Tuckey post hoc test was used to obtain multiple comparison 
data. 
    One-way analysis of variance (ANOVA) was used to detect significant difference 
between the groups of Lava Ultimate, IPS Empress CAD, Vita Enamic and Vitablocs 
Mark II in comparison with ΔE* over black and white backgrounds. Multiple comparison 
data was obtained using a Tuckey post hoc test. 
   Significance levels were set as 0.05 for all the statistical methods. Statistical analysis 
was performed using JMP Pro 12 and Microsoft Excel. 
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2.5.2 Shear Bond Strength Statistical Analysis 				Results for the shear bond strength test are expressed as means and standard deviations 
of MPa (megapascals). 
Statistical procedures performed: 
    One-way analysis of variance (ANOVA) was used to compare different CAD/CAM 
materials Lava Ultimate, IPS Empress CAD, Vita Enamic and Vitablocs Mark II when 
two resin cements were used, RelyX Ultimate and Variolink Veneer. In conjunction with 
2-way ANOVA, a Tuckey post hoc test was used to obtain multiple comparison data. 
    One-way analysis of variance was used to analyze the shear bond strength and assess 
the effect of different surface treatments on resin cement bond strength to Lava Ultimate. 
The Tuckey post hoc comparison test was conducted to indicate influence of different 
cements and surface treatments. 
    Significance levels were set as 0.05 for all the statistical methods. Statistical analysis 
was performed using JMP and Microsoft Excel. 
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Chapter 3 Results 	 	
3.1 Color Masking 
3.1.1 Color masking the tooth shaded acrylic backgrounds  				Table 3 shows the color differences of IPS Empress CAD with different thicknesses 
when placed over acrylic backgrounds with different shades. Specimens over shade A3 
background exhibited a significantly higher color masking when compared to other 
shades. This finding was also observed when using Vitablocs Mark II.  Shade A3 showed 
lower ΔE* values than the other shade groups in all three thicknesses as shown in Table 
5.  
    Table 4 shows the behavior of Lava Ultimate. When shade A3 was used as a 
background, the results show that is has the highest color masking ability when compared 
to the other backgrounds for both the 0.3 mm and 0.5 mm thicknesses. However, when 
testing the 0.7 mm thickness, the results show that when shade A4 was used, the 
specimens exhibited significantly higher color masking than when other shades were 
used.  
    Results for Vita Enamic are shown in Table 6.  					
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Table 3: Color difference (ΔE*) of IPS Empress CAD veneer specimens with different 
thicknesses over the acrylic backgrounds. 
IPS Empress CAD Shade A2 
0.3mm 0.5mm 0.7mm 
Acrylic 
Shade 
Sig. ΔE* Acrylic 
Shade 
Sig. ΔE* Acrylic 
Shade 
Sig. ΔE* 
A3 A 8.71 (0.42) A4 A 5.28 (0.3) A4 A 5.08 (0.13) 
A4 B 9.76 (0.71) A3 A 6.85 (0.33) A3 B 6.11 (0.11) 
C2 B 10.02(0.39) C2 B 8.33 (0.38) C2 C 6.41 (0.45) 
B3 B 11.16(0.67) B3 B 9.37 (0.52) B3 D 7.65 (0.17) 
Levels not connected by same letter are significantly different. 	
 
Table 4: Color difference (ΔE*) of Lava Ultimate veneer specimens with different 
thicknesses over the acrylic backgrounds. 
Lava Ultimate Shade A2 
0.3mm 0.5mm 0.7mm 
Acrylic 
Shade 
Sig. ΔE* Acrylic 
Shade 
Sig. ΔE* Acrylic 
Shade 
Sig. ΔE* 
A3 A 6.80 (0.45) A4 A 6.60 (0.26) A4 A 3.26 (0.15) 
C2 B 8.15 (0.33) A3 A 6.75 (0.15) C2 B 4.77 (0.11) 
A4 C 9.02 (0.77) C2 A 6.81 (0.12) A3 C 4.97 (0.09) 
B3 C 9.37 (0.46) B3 B 7.40 (0.14) B3 D 5.44 (0.07) 
Levels not connected by same letter are significantly different.  
 
 
Table 5:  Color difference (ΔE*) of Vitabloc Mark II veneer specimens with different 
thicknesses over the acrylic backgrounds. 
Vitablocs Mark II Shade A2 
0.3mm 0.5mm 0.7mm 
Acrylic 
Shade 
Sig. ΔE* Acrylic 
Shade 
Sig. ΔE* Acrylic 
Shade 
Sig. ΔE* 
A3 A 8.80 (0.37) A3 A 7.42 (0.76) A3 A 6.02 (0.42) 
C2 B 10.00 (0.49) C2 B 8.47 (0.23) C2 A B 6.66 (0.17) 
B3 C 10.71 (0.49) B3 B 8.56 (0.77) B3 B  6.88 (0.51) 
A4 D 12.55(0.51) A4 C 10.30(0.37) A4 C 7.58 (0.56) 
Levels not connected by same letter are significantly different. 
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Table 6: Color difference (ΔE*) of Vita Enamic veneer specimens with different 
thicknesses over the acrylic backgrounds.	
Vita Enamic Shade A2 
0.3mm 0.5mm 0.7mm 
Acrylic 
Shade 
Sig. ΔE* Acrylic 
Shade 
Sig. ΔE* Acrylic 
Shade 
Sig. ΔE* 
C2 A 6.97 (0.54) A3 A 6.29 (0.81) A3 A 4.64 (0.12 
B3 A B 7.58 (0.30) B3 A 6.50 (0.24) C2 B 6.51 (0.11) 
A3 B 7.96 (0.10) C2 B 7.57 (0.34) A4 B 6.55 (0.33) 
A4 C 10.69 (0.59) A4 C 9.33 (0.34) B3 B 6.62 (0.18) 
Levels not connected by same letter are significantly different. 
  
   Pooled data was analyzed and presented in Table 7 which shows the means and 
standard deviation of the color differences of the veneer material to the final color of the 
veneered specimens when different shades of backgrounds were used. 	
Table 7: Mean and SD of color difference to the veneer (ΔE*) 
Mean color difference to the veneer 
Tooth-shaded 
acrylic 
background 
Lava Ultimate Vita Enamic Vitablocs 
MarkII 
IPS Empress 
CAD 
A3 5.63 (0.96) 5.78 (1.38) 7.46 (1.27) 7.34 (1.36) 
A4 5.21 (2.39) 6.88 (2.68) 10.14 (2.13) 8.10 (2.77) 
B3 6.81 (1.78) 6.06 (1.11) 8.72 (1.71) 10.30 (0.84) 
C2 5.72 (1.59) 5.39 (1.00) 8.38 (1.43) 10.01 (1.22) 
 
    Table 8 shows the ΔE* mean values and significance ranking of the ceramic material, 
independent of the other variables (from the pooled data). In general, VE and LU had 
significantly lower ΔE* values, which indicates higher masking ability when compared 
with the other materials. Table 9 shows the ΔE* values and ranking of the different 
backgrounds (from the pooled data). Here, background shade A3 showed the lowest 
values in ΔE* which indicates that specimens placed over an shade A3 background 
showed the highest color masking ability. 
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Table 8: Mean and ranking levels of the veneer (ΔE*) 
Material Significance ΔE* 
LU  A   5.84 
VE  A   6.02 
VMII   B  8.66 
IPS   B  8.94 
Levels not connected by same letter are significantly different 
 
Table 9:  Mean and ranking levels of the background (ΔE*) 
Acrylic 
shade 
Significance ΔE* 
A3  A   6.54 
C2    B  7.38 
A4   B  7.58 
B3   B  7.97 
Levels not connected by same letter are significantly different 
 
3.1.2 Translucency  		
     Translucency parameter values (mean and standard deviation) of the CAD/CAM 
restorative materials (shade A2), Lava Ultimate, Vita Enamic, Vitablocs Mark II and IPS 
Empress CAD with thicknesses of 0.3, 0.5 and 0.7mm are shown in Table 10. 
Table 10: The Translucency means (SD) and ranking of the CAD/CAM materials with 
different thicknesses.	  0.3mm	 0.5mm	 0.7mm	Level	 Sig.	 ΔE*	 Level	 Sig.	 ΔE*	 Level	 Sig.	 ΔE*	
IPS	 A	 37.17 (1.20)	 IPS	 A	 30.68 (1.16)	 IPS	 A	 23.47 (0.32)	
VMII	 				B	 33.45 (1.04)	 LU	 			B	 26.90 (1.29)	 LU	 				B	 21.45 (0.59)	
LU	 				B	C	 32.21 (0.52)	 VE	 					C	 24.60 (0.64)	 VE	 							C	 19.07 (0.71)	
VE	 								C	 31.72 (0.85)	 VMII	 					C	 23.58 (0.84)	 VMII	 							C	 19.04 (0.68)	
Levels not connected by same letter are significantly different. 
 
    The results in Table 11 show that when the thicknesses increase, the TP values 
significantly decrease. In general, regardless of thickness, IPS Empress CAD exhibited 
significantly higher translucency than the other ceramics, followed by Vita Mark II, Lava 
Ultimate and lastly Vita Enamic. When comparing the differences in each subgroup of 
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specific thickness, the IPS Empress CAD shows significantly higher in translucency than 
all other materials, as shown in Table 11. These three materials were not significantly 
different from each other as shown in Table 12 (from the pooled data analysis).  
 
Table 10: The translucency, means, and ranking of each group of thickness. 
Veneer 
Thickness 
Significance ΔE* 
0.3  A   33.64 
0.5   B  26.44 
0.7            C 20.76 
 
 
Table 11: The Translucency, means, and ranking of the CAD/CAM materials. 
Material Significance ΔE* 
IPS  A   30.44 
LU   B   26.68 
VMII   B   25.36 
VE   B  25.13 
Levels not connected by same letter are significantly different. 
3.1.3 Transmission 
    Figure 1 shows the transmission spectra of the four CAD/CAM materials, Lava 
Ultimate, IPS Empress CAD, Vita Enamic and Vitablocs Mark II at the range of 350-750 
nm wavelength. Figure 2 shows the reflectance spectra of the four tooth shaded 
backgrounds, A3, A4, B3 and C2 with 50% grey background at the range of 350-750 nm 
wavelength. The data were analyzed in Microsoft Excel to better understand the color 
matching of each type of veneer material in absorbing the light, when placed over 
different shades of acrylic backgrounds. 
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Figure 35: Visible light transmission spectra of the four CAD/CAM materials, Lava 
Ultimate, IPS Empress CAD, Vita Enamic and Vitablocs Mark II in 0.3 mm thickness. 	
      
Figure 36: Visible light reflectance spectra of the four tooth shaded acrylic backgrounds, 
A3, A4, B3 and C2. 	
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3.2 Shear Bond Strength 
3.2.1 Shear bond Strength of CAD/CAM materials when pretreated with acid 
etch 	
    Tables 13 and Figure 42 show the mean and standard deviation of shear bond strengths 
of the CAD/CAM materials tested. Results of a one-way ANOVA as well as the results 
of multiple comparisons using Tukey's test revealed that IPS Empress CAD showed the 
highest values of shear bond strength, followed by Vitablocs Mark II. There was no 
significant difference between the bond strength of the IPS and VMII. On the other hand 
Lava Ultimate showed significantly lower values of shear bond strength when compared 
to the other groups, as shown in Table 14. 
    In addition, a statistically significant difference (p < 0.05) in shear bond strength	was	
found between the two tested cements, RelyX Ultimate and Variolink Veneer. Groups 
cemented with RelyX Ultimate showed higher values of bond strength when compared 
with groups cemented with Variolink Veneer (p < 0.05) regardless of the material tested.		
Table 12:  Mean and SD of shear bond strength (MPa) of the four CAD/CAM materials 
with 2 cements. 
Material Cement Mean (SD) P-value between 
cements 
Lava Ultimate RelyX 6.17 (0.63) <0.0001 
Variolink 1.91 (0.32) 
Vita Enamic RelyX 13.73 (1.40) <0.0001 
Variolink 8.61 (1.12) 
Vitabloc Mark 
II 
RelyX 17.58 (2.12) <0.0001 
Variolink 8.55 (0.84) 
IPS Empress 
CAD 
RelyX 15.76 (1.03) <0.0001 
Variolink 12.19 (1.04) 
P-value between the two cements for each material is significant. 	
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Figure 37: Mean and SD of shear bond strength of the CAD/CAM materials to 2 
different resin cements. 	
Table 13: Statistical significance between the materials when pretreated with acid etch 
Level Significance Mean 
IPS  A   13.98 
VMII  A B  13.06 
VE   B  11.17 
LU      C 4.04 
Levels not connected by same letter are significantly different. 	
3.2.2 Shear bond Strength of Lava Ultimate with different surface treatment  						Tables 15 and 16, and Figure 43 display the mean and standard deviation values of 
Lava Ultimate. Results of a one-way ANOVA as well as the results of multiple 
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comparisons using Tukey's test revealed that the sandblasting group showed the highest 
values of shear bond strength compared to all other groups (p < 0.05), followed by the No 
treatment group. The acid etched group showed the lowest values of shear bond strength 
(p<0.05). 
    In addition, a statistically significant difference (p < 0.05) in shear bond strength was 
found between the two tested cements, RelyX Ultimate and Variolink Veneer. Groups 
cemented with RelyX Ultimate showed higher values of bond strength when compared 
with groups cemented with Variolink Veneer (p < 0.05). 
 	
	
Figure 38: Shear bond strength of Lava Ultimate with different surface treatments. 	
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Table 14:  Mean and SD of shear bond strength (MPa) of Lava Ultimate with different 
surface treatments. 
Surface 
treatment 
Cement Mean (SD) P-value between 
cements 
Sandblasting RelyX 11.71 (0.80) <0.0001 
Variolink 5.82 (0.64) 
No 
pretreatment 
RelyX 8.02 (0.45) <0.0001 
Variolink 5.12 (0.42) 
Acid etching RelyX 6.17 (0.63) <0.0001 
Variolink 1.91 (0.32) 		
Table 15: Statistical significance between the groups of surface treatments of Lava 
Ultimate 
Surface tx Significance Mean 
Sandblast  A   8.76 
No pre-tx   B  6.57 
Acid etch          C 4.04 
Levels not connected by same letter are significantly different. 
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6.3 Margin Integrity 
    Figures 39 to 50 are representations of the observation of the margins of each milled 
veneer in three different thicknesses (0.3, 0.5 and 0.7mm) under a metallurgical 
microscope. 
   Lava Ultimate: 
	
Figure 39: 0.3 mm Lava Ultimate margin viewed with a metallurgical microscope (500X) 
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Figure 40: 0.5mm Lava Ultimate margin viewed with a metallurgical microscope (500X) 
	
Figure 41: 0.7mm Lava Ultimate margin viewed with a metallurgical microscope (500X) 
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IPS Empress CAD: 
	
Figure 42: 0.3mm IPS Empress CAD margin viewed with a metallurgical microscope 
(500X) 
 
Figure 43: 0.5 mm IPS Empress CAD margin viewed with a metallurgical microscope 
(500X) 
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Figure 44: 0.7mm IPS Empress CAD margin viewed with a metallurgical microscope 
)500X) 
Vitabloc Mark II: 
	
Figure 45: 0.3mm Vitablocs Mark II margin viewed with a metallurgical microscope 
(500X) 
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Figure 46: 0.5mm Vitablocs Mark II margin viewed with a metallurgical microscope 
(500X) 
	
	
Figure 47: 0.7mm Vitablocs Mark II margin viewed with a metallurgical microscope 
(500X) 
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Vita Enamic:  
 
Figure 48: 0.3mm Vita Enamic margin viewed with a metallurgical microscope (500X) 
	
Figure 49: 0.5mm Vita Enamic margin viewed with a metallurgical microscope (500X) 
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Figure 50: 0.7 mm Vita Enamic margin viewed with a metallurgical microscope (500X) 
     The results of the margin roughness evaluation show that the resin-based ceramics 
(LU and VE) exhibit a smoother milled margin when compared to the glass-based 
ceramics (IPS and VMII). Another finding is that with the increase in thickness, the 
margin roughness decreases. 
    Figures 51 to 62 are macro photographs showing the margin integrity of the milled 
veneers in all three thicknesses. 
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Lava Ultimate: 
 
 
Figure 51: Macro photograph of 0.3mm Lava Ultimate milled veneer margin (20X) 	
	
Figure 52:	Macro photograph of 0.5mm Lava Ultimate milled veneer margin (20X)		
	
Figure 53:	Macro photograph of 0.7mm Lava Ultimate milled veneer margin (20X)		
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IPS Empress CAD: 
 
 
Figure 54:		Macro photograph of 0.3mm IPS Empress CAD milled veneer margin (20X) 	
	
Figure 55:		Macro photograph of 0.5mm IPS Empress CAD milled veneer margin (20X)		
	
Figure 56:	Macro photograph of 0.7mm IPS Empress CAD milled veneer margin (20X)		
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Vitablocs Mark II:   	
	
Figure 57:  Macro photograph of 0.3mm Vitablocs Mark II milled veneer margin (20X) 	
 
Figure 58: Macro photograph of 0.5mm Vitablocs Mark II milled veneer margin (20X) 	
Figure 59: Macro photograph of 0.7mm Vitablocs Mark II milled veneer margin (20X) 
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Vita Enamic:  	
	
Figure 60:  Macro photograph of 0.3mm Vita Enamic milled veneer margin (20X) 	
	
Figure 61:  Macro photograph of 0.5mm Vita Enamic milled veneer margin (20X) 	
	
Figure 62:  Macro photograph of 0.7mm Vita Enamic milled veneer margin (20X) 	 		
74		
Chapter 4 Discussion 
4.1 Overview: 
    A pronounced demand for esthetics has increased the popularity of veneers and 
therefore led to a greater use of ceramic and composite restorations. 6, 169  In particular, 
the use of chair side CAD/CAM restorations has gained popularity. 170 Veneer 
restorations are considered to be one of the most conservative means of restoring anterior 
teeth. 6 
    As mentioned previously, concepts vary in the amount of tooth structure removal for 
veneer preparations, ranging from the typical preparation, which is 0.5 to 0.7mm down to 
the ultra thin preparation, 0.3mm. 11, 14-18, 22, 26 
    In this study, we investigated three different veneer thicknesses, the typical 0.5mm, the 
deeper 0.7mm and the ultra thin 0.3mm using four different CAD/CAM ceramic 
materials. 
    CAD/CAM restorations are either resin-based or ceramic-based. The advantages of the 
composite resin materials are their flexibility, low cost and the ease of repair. However, 
composites tend to absorb moisture, which affects their esthetic and mechanical 
properties.  On the other hand, ceramic materials have the advantage of high esthetics, 
stain resistance, translucency, and low plaque retention. Their main disadvantages 
include brittleness and low crack propagation resistance. 66, 171, 172In addition to those two 
materials, a fairly new resin-ceramic hybrid material has been introduced. Therefore, in 
this study we tested the optical and mechanical properties of four CAD/CAM veneering 
materials. IPS Empress CAD (IPS) and Vitablocs Mark II (VMII) are ceramic based, 
Lava Ultimate (LU) is a resin-based, and Vita Enamic (VE) is a hybrid material. 67 
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4.2 Optical Properties (Color Masking) 
    Restoring discolored anterior teeth is one of the major challenging aspects in dentistry. 
Various factors affect the final color of the restoration, including type, thickness and 
translucency of the ceramic. In the present study, four CAD/CAM restorative materials 
were investigated in three different thicknesses, 0.3, 0.5 and 0.7 mm, to determine the 
effects of type and thickness of the ceramic on the translucency and on the masking 
properties.  
    Translucency is an essential factor that provides the material with the desired natural 
appearance. 95 It can be defined as the ability to permit light to pass through the material 
without scattering. 173 Errors in brightness in restorations are considered the most 
noticeable esthetic error 174, 175 because the human eye is more sensitive to the differences 
in value (brightness) than hue or chroma. 176, 177 
In addition, translucency is closely related to light transmission. 178, 179  There are 
different parameters that are used to describe the translucency and opacity, including 
translucency parameter (TP), contrast ratio (CR) and direct transmittance. 95, 104, 179, 180  
There is an inverse correlation between CR and TP, as CR is an opacity parameter. 93, 102, 
175 TP is defined as the color difference between the reflected colors of a specimen with a 
controlled thickness backed by black and white backgrounds. It was developed to relate 
our visual perception to the actual translucency. 93 
    In this study, in order to compare the translucency between the different CAD/CAM 
materials and the different thicknesses, translucency parameter (TP) values were 
calculated using CIE Lab color coordinates using the spectrophotometer. Multiple studies 
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have used the spectrophotometer to measure the translucency of various restorative 
materials. 101, 178, 179  
    Many factors affect the translucency of a restorative material. Some of them relate to 
the restorative material itself, such as shade, thickness, surface texture, amount of crystals 
and degree of porosity. Other factors depend on the measurement procedure. 
    The findings of this study suggest that there is an indirect relationship between the 
thickness of the material and the degree of translucency. Within each of the four 
CAD/CAM restorative materials, it was concluded that the 0.3 mm specimens were the 
most translucent, followed by the 0.5mm specimens, and lastly the 0.7mm specimens, 
which exhibited the least translucency. This was in agreement with multiple studies that 
state their indirect relationship, in other words, the greater the thickness the lower the 
translucency. 91, 94 
    In this study, the mean Translucency Parameter (TP) (from the pooled data) in 
decreasing order were IPS Empress CAD (30.44), Lava Ultimate (26.86), Vitablocs Mark 
II (25.36) and Vita Enamic (25.12). The results conclude that IPS Empress showed 
significantly higher values in TP when compared with the other materials in all three 
thicknesses. There was no significant difference in TP values between the other three 
restorative materials. This was in agreement with a recent study by Awad et al. 181, which 
found in their results that IPS Empress CAD had significantly higher values in 
translucency than Vita Enamic. Their study is very similar to our study, as they used 
shade A2 as well for their specimens. The main difference was that they used 1mm and 
2mm thickness disks. 181   Another study done by Barizon et al., 95 stated that when 
comparing the translucency values of 0.7mm specimens of different ceramics, Empress 
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CAD had higher TP values than Vita Blocs Mark II. Another recent study by Turgut et al. 
77   also concluded that the type of ceramic has an effect on the TP values. Their results 
concluded that leucite based Empress ceramics exhibit the higher TP values than the 
other ceramic systems. 77 Awad et al. 181 found that Lava Ultimate had higher 
translucency values than both Vita Mark II and Vita Enamic, which is similar to the 
results of our study. They explained that Lava Ultimate consists of nanofiller particlse  
and other particles smaller than the wavelength of visible light which causes less light 
scattering and absorbing. Some studies suggest that if crystals are smaller than the 
wavelength of visible light (400 to 700 nm) the glass will appear transparent. 182They also 
found that after roughening the surfaces, the translucency values of the resin nanoceramic 
Lava Ultimate significantly dropped, possibly due to the weaker polymer matrix that is 
easily separated from the ceramic network. In the long term, this characteristic could 
impair their optical properties. On the other hand, the translucency of the feldspathic 
monochromatic Vita Mark II didn’t show any change after roughening. Stawarczyk et al. 
183 had similar results when comparing the translucencies of different types of ceramics, 
Vita Enamic showed the lowest translucency and Lava Ultimate showed the highest 
translucency. Thus the stability of color is questionable for the composites examined. It 
was concluded in this study, as it was in previous studies,	180,	181  that translucency seems 
to be material specific and depends on the material composition. Some studies 175, 184 
stated that the smaller the filler size, the higher the translucency, although some reported 
the opposite. 185 Since there are a lot of variables that affect the TP values of the 
restorative materials, it is difficult to compare our results with other TP values reported in 
the literature. 95, 179, 181 
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    As it was mentioned previously, the specimens used in this investigation had a 
thickness of 0.3, 0.5 or 0.7mm. Vichi et al. 98 studied the effect of ceramic and cement 
thickness on the masking ability of different types of ceramics, and they concluded that 
ceramic thickness is one of the main factors affecting the final color of the restoration. In 
addition, another study showed that the final shade of the ceramic could be affected by 
minor changes in the ceramic thickness. 82  
    In this current study, it was observed that the a* and b* values decreased with the 
increase of thickness. The results suggest that with the increase of thickness of the 
specimens, the redness and yellowness decrease. This was in agreement with Shono et 
al., 6 where they investigated the effect of two different thicknesses of different ceramics 
on the masking properties. Complicating the issue, other studies reported an increase in 
a* and b* values with the increase in ceramic thickness. 82, 186 The reason behind the 
conflicting results may be due to the difference in sample preparation, as they used a 
combination of core and veneer, whereas in this study only veneer ceramics were tested. 
    Another finding in the current investigation was the relation between the ceramic 
thickness and ΔE* values. It was reported that ΔE* values decrease when the ceramic 
thickness increases for each of the ceramic systems tested, which implies an increased 
masking ability with the thicker specimens. Of course every type of ceramic material is 
unique in its optical properties. 6 This finding was in agreement with the findings of 
another study that reported a decrease in the ΔE* values when the ceramic thickness 
increased from 1 to 1.5. 98 In addition, another study by Hilgert et al.,	187 found the same 
negative correlation between ΔE* values and the ceramic thickness. They reported that 
the ΔE* values decreased when the ceramic thickness increased from 0.4 to 0.7 and 1mm.  
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    Minimal perceptive ΔE* value is still controversial in the literature. Some studies 
stated the ΔE* values as low as one unit are found to be visually detectable, 103, 188 while 
one study reported that ΔE* values up to 3.3 units is considered a visually acceptable 
color match. 106 Additionally, a study done by Johnston et al., 107 reported that the 
threshold for visually acceptability is up to 3.7 units. On the other hand, Chu et al. 100 
reported that values of ≤ 5 are considered clinically acceptable for veneer restorations. 
Theoretically, the masking ability of a ceramic veneer is considered “perfect” when ΔE*= 
0, meaning no color change when placed over white and black backgrounds. 103, 188 
Therefore, the veneering ceramics tested in this study in all three thicknesses, 0.3, 0.5 and 
0.7mm, were not able to completely mask their backgrounds, although their masking 
ability improved with the increase in thickness. 
    Ceramic specimens in 0.3 and 0.5 mm thickness were incapable of masking the dark 
backgrounds, independent of ceramic type. Specimens with 0.7mm thickness differed 
depending on the ceramic material and the color of the background. For instance, ΔE* 
values of 0.7mm specimens in IPS Empress CAD and in Vitablocs Mark II are 
considered not clinically acceptable for all different backgrounds. On the other hand, 
0.7mm specimens of Lava Ultimate exhibited clinically acceptable ΔE* values when 
tested over all of the four backgrounds, A4 (2.26), C2 (3.80), A3 (4.47) and B3 (4.90). 
Specimens of Vita Enamic in 0.7mm thickness showed a similar pattern of the clinically 
acceptable ΔΕ * values, A4 (3.59), C2 (4.15), A3 (4.64), except that the value for B3 
(5.09) was considered clinically unacceptable. Similarly, Hilgert et al. 187 tested the effect 
of different ceramic thicknesses on their masking ability. They reported that specimens 
with 0.4 thickness were incapable of masking the dark backgrounds, independent of the 
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ceramic type. They also stated that specimens with 0.7 thicknesses acceptably masked 
slightly discolored backgrounds and that only the 1mm thickness specimens were capable 
of totally masking the discolored background.  
    In general, independent of the thickness, all ceramic specimens exhibited significantly 
the best color masking ability when placed over shade A3 background.  In regards to the 
ceramic materials, Lava Ultimate and Vita Enamic exhibited better color-masking ability 
than IPS Empress CAD and Vita blocs Mark II. This could be explained by looking at the 
correlation between the TP values and the masking ability and as mentioned earlier. 
Another reason could be the type of ceramic. Both LU and VE contain composite resin. 
  The ranking of the ceramic materials in regards to the TP values in a decreasing order is 
IPS > LU ≥  VMII ≥ VE, while the ranking of the ceramics in regards to the masking 
ability in a decreasing order was as follows LU > VE > VMII > IPS, as shown in table 8.  
For most of the ceramics, we can say that the correlation between the translucency and 
the masking ability is a negative correlation. IPS Empress CAD was the most translucent 
but the least in masking ability. Vita Enamic exhibited the lowest TP values and a high 
masking ability. The reason behind the low TP values may be due to the relatively high 
amount of AL2O3 (23% by weight). This is in consistent with previous studies that 
reported that more light is able to transmit in ceramics with higher translucency, which 
means that the underlying background will have a major effect on the final color of the 
restoration. 97, 189  
     Notably, Lava Ultimate exhibited the second high translucency, (although not a 
significant difference from VE and VMII), but at the same time exhibited the highest 
masking ability. This could be explained by the composition of this material. The resin 
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nanoceramic, Lava Ultimate, is composed of microfilled polymers that contain zirconia 
and silicate glass filler particles and nanoclusters that reinforce the resin matrix. It is 
considered a composite resin material and behaves as one. Awad et al. 181 explained the 
high translucency by looking at the size of the particles. The diameter of the nanofiller 
particle was smaller than the wavelength of visible light and that led to less light 
scattering and absorbance. 190 Another reason could be that composite resin generally 
exhibits a high polish at first. However, some of the main disadvantages of composite 
resins are moisture absorption and the inability to retain that high-gloss polished surface 
over a period of time. 69, 70 This was inconsistent with Awad et al. 181, when they stated 
that the translucency values significantly drops for Lava Ultimate after roughening, but 
stays the same for the other ceramic systems including the feldspathic Vita Mark II. The 
zirconia particles in the LU could be one of the reasons this material has a high masking 
ability. 
    Masking ability and translucency of the ceramics are affected by their thickness and 
type. The ceramics tested in this study showed different L*a*b* values, although they are 
all classified as shade A2 by their manufacturer. Thus, the color and shade are ceramic 
type specific. This was in agreement with other previous studies.	180,	191  The type of the 
ceramic affects its color masking properties as it depends on the chemical nature and the 
size of the particles. 77 This could explain why the composite materials used in this study 
were significantly higher in color masking ability than the feldspathic porcelain and the 
leucite-reinforced glass ceramic. 
    This study concludes that color masking efficiency is dependent on veneer thickness, 
background shade and veneer material type. In addition, it is concluded that for most 
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ceramics, lower translucency veneer materials showed better color masking, except for 
Lava Ultimate. 
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4.3 Shear Bond Strength 
				Several methods have been used to measure the adhesion of resin cements to ceramic 
substrates, including shear bond strength, tensile bond strength, microtensile bond 
strength and pull off and push out tests. 154, 159  Among these tests, the shear bond strength 
test is the most commonly used, 156 due to the simplicity of the test and the ease in 
preparing the specimens. 157 However, polymerization shrinkage and non-uniform stress 
in the resin cement are not considered in this test. 157-159 
    The shear bond strength value (in MPa) is measured by dividing the maximum force 
(N) to the surface area (mm2) of the resin cement. 192 The test is performed by applying 
the load parallel to the bonding interface. 155 
    This study measured the shear bond strength in two parts. The first part was measuring 
the shear bond strength values of four different CAD/CAM ceramics, IPS Empress CAD, 
Vitablocs Mark II, Vita Enamic and Lava Ultimate when bonded with two different resin 
cements, Rely X Ultimate and Variolink Veneer. All specimens in this part of the study 
were pretreated with 5% hydrofluoric acid etch according to their manufacturers’ 
recommendations. Pretreatment was followed by the application of a silane or a primer, 
depending on the resin cement tested. 
    The results revealed that regardless the type of cement used, the highest bond strength 
values were observed with IPS Empress CAD and the least values were found with Lava 
Ultimate. The shear bond strength values in a descending order are as follows: 
IPS>VMII>VE>LU. The difference between IPS and VMII and the difference between 
VMII and VE were not significant. This was in agreement with a study that reported that 
the bond strength results of VMII and VE did not differ significantly. 159 
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    The reason behind IPS showing the highest bond strength values could be due to the 
presence of leucite crystals, which are very receptive to hydrofluoric acid etching. Acid 
etching generates more hydroxyl groups, thus enhancing micro-mechanical retention. 
Upon applying the silane, the methoxyl groups will react and form a siloxane network, 
which produce higher bond strengths and more resistance to moisture. 162, 193  Our results 
are in agreement with those of Ozcan et al., 162  who found that upon testing the shear 
bond strength of different types of ceramics, leucite-reinforced ceramic exhibited the 
highest bond strength value independent of the type of resin cement used. They also 
tested different surface treatment for the leucite-reinforced ceramic and concluded that 
hydrofluoric acid etching + silanization were the most effective on the bond strength of 
the leucite-reinforced ceramic. This was in agreement with the results of Meshramker et 
al. 194 They compared different surface treatments including hydrofluoric acid etch, 
hydrofluoric acid etch + silane, phosphoric acid etch, phosphoric acid etch + silane, and 
sandblasting, on the bond strength values of a glass ceramic. They concluded that 
hydrofluoric acid etch + silane exhibits the highest value in shear bond strength. Another 
study done by Reich et al., 195 evaluated the bond strength of a machinable feldpathic 
porcelain, and concluded that hydrofluoric acid etch + silane produced higher bond 
strength than applying acid etch alone, silane alone or no treatment at all. 
    Our results were in agreement with those of a study done by Cekic-Nagas et al..196 
They evaluated the shear bond strength of Vita Enamic, Lava Ultimate and Cerasmart 
ceramics when bonded with RelyX Ultimate/Scotchbond Universal and Variolink 
Esthetic DC/Monobond Plus. Their results concluded that Vita Enamic showed 
significantly higher bond strength to resin cement when compared with Lava Ultimate 
85		
and Cerasmart Ceramics, after a 2-day immersion in water. This could be explained by 
looking at the microstructural differences of these ceramics. The low bond strength 
values of Lava Ultimate might be caused by the penetration of water into the resin matrix 
following the 24-hour immersion in water. Moreover, the inorganic filler particles in 
composite resin materials are embedded without interconnections in a polymer matrix. 68 
On other hand, the effect of immersion in water was less on Vita Enamic. The Vita 
Enamic microstructure of ceramic network structure might have helped in absorbing less 
water than Lava Ultimate. 196, 197 
    Similar results were reported by Gungur et al. 198 They documented that when a 
hydrofluoric acid and silane pretreatment was applied, Vita Enamic showed higher bond 
strength values than Lava Ultimate. Another study by Frankerberger et al. 199 documented 
similar results. They also reported that the Vita Enamic/hydrofluoric acid etch group 
showed higher bond strength values when compared to Lava Ultimate/sandblast group 
and Lava Ultimate/hydrofluoric acid etch group. This could also explained by the fact 
that acid etching is deemed not efficient for Lava Ultimate by their manufacturer.  
    The second part of the test studied the effect of different surface treatments, including 
hydrofluoric acid etch, sandblasting, and no treatment for Lava Ultimate, when bonded 
with RelyX Ultimate and Variolink Veneer. 
    The results concluded that the sandblast group demonstrated significantly higher bond 
strength values when compared with the other surface treatments. The bond strength 
values in descending order is as follow: Sandblast > no treatment > acid etch. All the 
differences were significant.  
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    Our results agree with the results of Augusti et al. 200  They investigated the bond 
strength of Lava Ultimate when sandblasting and no treatment were applied. They found 
that the highest shear bond strength was seen with the sandblast group when cemented 
with RelyX Ultimate (dual-cure cement), and the least values were with the no treatment 
group when cemented with a self-adhesive cement.  
   Sandblasting has been used to increase the surface roughness and irregularities to 
subsequently increase the bond of zirconia ceramic and resin-based CAD/CAM materials 
to resin cements. Many factors affect the sandblasting, including the jet-pressure or size 
or nature of the particles. 201, 202 In the current study, air abrasion was performed using 
Al2O3 grain size  <50 µm at two bar (30 psi) pressure, which led to a significant increase 
in the shear bond strength of Lava Ultimate, independent of the cement used. Another 
study reported a significant positive effect with the sandblasting method on Lava 
Ultimate. 152 The results of this study are in agreement with those of Frankerberger et al., 
199 who, upon comparing the bond strength of different surface treatments for Lava 
Ultimate, found that sandblasting was significantly the most effective pretreatment 
method. They also reported a detrimental effect from hydrofluoric acid etching to the 
bond strength of Lava Ultimate. This was also seen in the present study; the acid etch 
group showed the least values of bond strength, even lower than the no treatment group. 
These results were also seen in another study done by Swift et al.	203 their results showed 
the negative effect of hydrofluoric acid etching on indirect composites. They concluded 
that air abrasion and silanization demonstrated the highest bond strength. This was 
opposite to Elsaka’s et al. 152 results.  Their values showed no significant difference 
between different surface treatments for Lava Ultimate.  
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Moreover, Chen et al. 204 suggested that sandblasting not only produced higher bond 
strength values, but positively affected the fracture resistance of Lava Ultimate luted 
specimens. 
    The results in this study showed that ScotchBond Universal/RelyX Ultimate 
demonstrated significantly higher bond strength when compared with the results of 
Monobond Plus/Variolink Veneer, independent of the ceramic used. This was in 
agreement to the results of Cekic-Nagas et al. 196 
They concluded that Scotchbond Universal/RelyX Ultimate exhibited higher bond 
strength values than Monobond Plus/Variolink Esthetic. This could be related to the 
amount of filler content in the resin.  Multiple studies have indicated a positive 
correlation between the resin material filler content and the bond strength. 196, 197, 205  The 
amount of inorganic filler in RelyX Ultimate is higher than that in Variolink Veneer. 
Another explanation for the significant difference in the values of shear bond strength 
between the two resin cements could be due to the type of silane or primer used. The 
Monobond Plus primer which was used with Variolink Veneer consists of an alcohol 
solution of phosphoric acid methacrylate, silane methacrylate, and sulfide methacrylate. 
196 On the other hand, Scotchbond Universal, used with RelyX Ultimate, consists of MDP 
(10-methacryloxydecyl dihydrogen phosphate). MDP is known to have a positive effect 
on the bond strength. Prior studies have indicated that resin cements containing MDP 
adhesive show higher bond strength values when compared with different compositions. 
196, 206 Another factor was the effect of immersion in water, since primer adhesion is 
subjected to hydrolysis and subsequent interphase degradation. 207 In addition, not using 
the Excite F that is supposed to be placed on the tooth surface and interacts with the 
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Monobond Plus on the restoration surface, might have had a negative effect on the bond 
strength values. 
    It is concluded that type of CAD/CAM ceramic and surface treatment have a 
significant effect on shear bond strength values. 
    In conclusion, the bonding performance of Lava Ultimate CAD/CAM material was 
clearly influenced by the pretreatment method. The highest values were with the 
sandblast groups. In general, higher bond strength values were found with the ceramic 
materials (IPS and VMII) compared to the hybrid materials (VE and LU). Among the 
hybrid CAD/CAM materials, VE demonstrated higher bond strengths than Lava 
Ultimate. Rely X Ultimate demonstrated significantly higher bond strength values that 
Variolink Veneer. 
4.4 Margin Evaluation 
    Margin integrity plays an important role in the longevity of a restoration. The 
qualitative observation of the margin roughness of the milled veneers done in this study 
revealed that the resin-based ceramics (Lava Ultimate and Vita Enamic) showed visibly 
smoother margins with fewer irregularities than margins of the glass-based ceramics (IPS 
Empress CAD and Vitablocs Mark II), independent ofo the thickness. These results were 
consistent with those of Awada, 208 whose results conclude that the resin-based materials 
exhibit smoother and more accurate margins when compared with the conventional 
CAD/CAM materials. Tsitrou et al. 167 documented similar findings, i.e., the resin-based 
ceramics showed less chipping when compared to conventional CAD/CAM ceramics. 
    This can be explained by the reduced brittleness of resin-based ceramics when 
compared to glass-based ceramics. The addition of resin in those materials helps reduce 
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the brittleness.	54,	209-211  The increased brittleness of the glass-based ceramics causes 
more marginal chipping. It was concluded in a previous study that when a material’s 
brittleness index increases, the potential for marginal defects increases as well. 167 
    It is important to remember that the manufacturers of glass ceramics recommend 
preparations with pronounced shoulder margins, in order to improve the quality of the 
milled margin. However, in this study, the resin-based ceramics were capable of 
producing smooth margins from conservative preparations. This means a higher milling 
fidelity of the resin-based materials especially in reduced thickness areas such as the 
margins. Therefore, acceptable clinical results with minimal tooth structure reduction can 
be achieved with the resin-based ceramics, as they show more tolerance when used in 
less than ideal preparations.  
    Another finding in this part of the study is that thickness and the margin irregularities 
have a negative relationship. When the thickness increases, the irregularities decrease.  
Poticny et al. 52 mentioned that thinner margins may be challenging to produce from 
machinable ceramics.  
    In an attempt to ensure that all the evaluations were comparable and relatable, the same 
margin area was evaluated for all the specimens by using a positioning jig. The margin 
roughness observations done in this study are purely qualitative. The purpose was to 
investigate the plausibility of achieving smoother margins with resin-based ceramics, as 
claimed by their manufacturers, when compared to glass-based ceramics. 
    While microcracks may not affect the marginal integrity of a restoration clinically, 
they are still considered a surface flaw that may potentially lead to a larger crack, and 
compromise the longevity of the restoration. Further studies are needed to determine if 
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the results of this part of the study can have a harmful effect on the clinical performance 
of the CAD/CAM restoration. 
    In general, when comparing between the restorative materials, the materials containing 
resin (LU and VE) exhibited higher masking ability, lower translucency, lower bond 
strength values and smoother milled margins. On the other hand, the glass-based 
ceramics showed lower masking properties, higher translucency, higher bond strength 
values and less smooth milled margins exhibiting microcracks. 
   Therefore, we can conclude that color masking, translucency, shear bond strength and 
the ability to have smooth margins after milling depend on a lot of factors, mostly, the 
type of material. Each one of the materials has unique physical and optical properties and 
has some advantages over the others, so it is important for the dentist to fully understand 
the patient’s needs before choosing the type of the restorative material. 
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Limitations and Future Studies 
    One of the limitations of this study is that it doesn’t fully replicate the conditions of the 
oral cavity. Another one is the use of the disk-shaped veneers in the color masking part, 
which were fabricated for the ease of standardization. In the clinic, veneers do not have 
uniform shape. The manufacturers of the ceramic materials offer a wide range of 
opacifiers and stains that could enhance the masking properties of the tested ceramics. It 
was chosen not to use them in this study to simplify specimen preparation, for ease of 
standardization and for accurate replication. The color of the cement is another factor that 
could affect the masking ability. However, this variable was not evaluated in this study to 
have a better control on the study. A thin layer of Vaseline was used to fill the space 
between the veneer and the acrylic background.  
    This study investigated four different CAD/CAM materials in three different 
thicknesses but only in one shade. For future studies, multiple shades of ceramics and 
cements can increase the database of useful results. 
    The present study evaluated only the bond strength of the resin cements to ceramics 
and resins. Therefore, further studies are required to elaborate on the resin cement bond 
strength to the tooth structure. Long-term studies are needed to evaluate the optical and 
mechanical properties of the CAD/CAM materials. 
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Conclusions 
Within the limitations of this study, the following conclusions can be drawn: 
1. Lava Ultimate and Vita Enamic exhibit significantly higher masking ability than 
the glass-based ceramics (IPS and VMII). 
2. IPS exhibited significantly higher translucency and the lowest masking properties 
when compared with other tested materials. 
3. All ceramic specimens exhibited significantly the best color masking ability when 
placed over shade A3 background. 
4. The thickness of the veneer had a direct effect on the final color of the restoration. 
As expected, when the thickness increases, the masking ability increases. 
5. As expected, the thickness of the veneer had an inverse relation with the 
translucency. However, it had a positive relation with the masking properties. For 
most ceramics, the relation between the translucency and the masking ability is a 
negative relation. 
6. The final color of the veneer is affected by many factors, such as the thickness 
and type of the restorative material and the shade of the background. 
7. When ceramics were treated with hydrofluoric acid, IPS showed the highest 
values in shear bond strength to resin cement and LU showed significantly the 
lowest values. 
8. The “Air abrasion” group demonstrated significantly the highest bond strength 
values of resin to Lava Ultimate, followed by the “no treatment” group then lastly 
the “hydrofluoric acid etch” group. 
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9. . RelyX Ultimate resin cement maintained significantly higher bond strength 
values than those of Variolink Veneer resin cement, among all the tested groups. 
10.  In general, the resin-based ceramic materials (VE and LU) exhibited smoother 
milled margins than the glass-based ceramic materials (IPS and VMII). 
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